f.ccC

)
i
. ’

, I;z 7 ¢

AD

CCL REPORT NO. 205
PROGRESS REPORT

PRELIMINARY INVESTIGATION OF THE
TEMPERATURE-FLOW-CORROSION UNIT AS A TOOL
FOR COOLANT EVALUATION

BY

o —

' ' JAMES H. CONLEY

JUNE 1966
/ g ] LL}_

N A_-’_M—J

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

U. S. ARMY COATING & CHEMICAL LABORATORY

Aberdeen Proving Ground
Maryland




»
T . —s .,«,.._Nt

DDC AVAILABILITY NOTICE

Qualified requesters may obtain copies of this report from Defense
Documentation enter, Cameron Station, Alexandria, Virginia 22314

Copies Available at Clearinghouse for fFederal Scientific and Technical
Information, CF53TI, § 1.00

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN OFFICIAL
DEPARTMENT GF THE ARMY POSITION, UNLESS SO DESIGNATED BY OTHER
AUTFORIZED DOCUMENTS.

DESTKOY THIS REPORT WHEN IT 1S NO LONGER NEEDED. DO NOT RETURN IT
TO THE ORIGINATOR.

[ W




-
+edovni vonantth 21 W)

4.

T 'anm?{:-.-‘v\ b
et ]

UNCLASSIFIED

CCL REPORT NO. 205

PROGRESS REPORT

PRELIMINARY INVESTIGATION OF THE
TEMPERATURE-FLOW-CORROSION UNIT AS A TOOL
FOR COOLANT EVALUATION

BY
JAMES H. CONLEY

JUNE 1966

AMCMS CODE NO. 5025.11.803

DEPARTMENT OF THE ARMY PROJECT NO.
iC024L401A109

U.S. ARMY COATING AND CHEMICAL LABORATORY
ABERDEEN PROVING GROUND
MARYLAND

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

UNCLASSIFIED




ABSTRACT

The object of this study was to make a preliminary investigation
of the Temperature-Flow-Corrosion Unit as a tool for the laboratory
testing of automotive coolants.

Nine 500 hour tests were conducted in this preliminary study
using antifreeze meeting Federal Specification 0-A-548a with and with-
out added inhibitors. Results correlating those received in simulated
service and glassware bench tests were obtained in three instances.
Mechanical failure and improper functioning of electronic instruments
minimized the use of values received in the other six tests.

Results of this study indicate that the Temperature-Filow-Corrosion

Unit has the capability of properly evaluating coolants and wili serve
as a valuable research tool in heat transfer studies.
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I. INTRODUCTION

The Coating and Chemical Laboratory was authorized by AMC Direc-
tive, AMCMS Code 5025.11.803 dated 3 September 1965 to conduct research
on automotive coolants.

in the past evaluation of coolants involved three phases of quali-
fication: bench corrosion tests, simulated service tests and vehicle
field tests. The Temperature-Flow-Corrosion Unit was designed as a
single unit which would rapidly produce reliable results correlating
with results received in the three phase testing presently practiced.
This will reduce the number of expensive and time consuming field tests
which are essential to properly evaluate an automotive coolant. The
unit may aiso be used as a research tool in the study of heat transfer
and corrosion properties of new and improved coolant formulations.

After installing the unit, a program of study was outlined to
evaluate and determire the capabilities, wechanical variables, and test
limits of the machine. This report covers the results of the first
nine tests conducted.

Il. DETAILS OF TEST

A. Apparatus - The Temperature-Flow-Corrosion Unit (Appendix A)
consists of a glass-walled test chamber which houses a series of heat
accepting metal rod-shaped specimens, such as brass, copp-r, brass-
solder, steel and aluminum. The heat rejecting specimen in this pre-
liminary study was a rod constructed of a special alloy steel with cor-
rosion properties similar to the cast iron used in an automotive engine.
Rods of cast iron or aluminum could also be used. The heat rejecting
specimen is electrically heated and controlled by a stepless silicon
rectifier to maintain a constant metal temperature. The test cell is
part of a closed circulating circuit in which the coolant flows through
the test cell at a controlied rate, temperature and pressure. The cys-
tem may also be areated at a controlled rate. The unit is instrumented
so that it may be operated 24 hours a day unattended. It has a series
of automatic controls which prevent overheating in any way. Relays
break the main circuit should the cooling water pressure drop, the spec-
imen overheat, the system leak, or the pump stop.

8. Specimens - The heat accepting specimens are 16" long by 3/16"
aiameter with a surface area of 60.84 t 0.5 sq. cm.

The heat rejecting specimen is 12'' long by 1/4" diameter with
a 1/8 o 1 16" axial hole and a surface area of 95.45 * 0.5 sq. cm.

C. Prccedure - All metal specimens are cleaned 2nd weighed to the
nearest 0.1 mg. The specimers are mounted in the test cell and the %
thermocouples inserted into the heat rejecting specimen at the top and
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bottom. Nine liters of coolant are used to fill the unit. The power
is turned on, the instruments turned on and the pump started. On this
first series of tests the controls were set so that the following con-
ditions recorded:

Solution Temperature - 180°F. (80°C.)

System Pressure - 7.6 1bs.

Flow Rate - 5 G.P.M. (22 cmssec.)
Aeration - 0.75 S.C.F.H.

After the solutior temperature reaches 180°F. the specimen
heat is turned on and gradually increased until a maximum temperature
of 257°F. (125°C.) is reached. The heat exchanger valve is partially
opened so that the auxillary heater is in operation approximately 30
seconds every minute. Thermocouple readings of solution temperature
and heat rejecting specimen temperatures are recorded continuously on
an electroni- recorder. Periodic readings of these temperatures are
taken for calculation of heat flux data. Readings of the voltage and
amperage used to maintain the heat rejecting specimen temperature are
also taken periodically for the calculation of heat flux data. The
test continues for a total of 500 hours.

After the test period the test chamber is opened, the strips
removed and scrubbed clean with a soft bristle brush and soap, rinsed
with water, then acetone and dried. After they reach equilibrium in a
desiccator they are again weighed to the nearest 0.1 mg. and the weight
chauye per sq. cm. is calculated and rated as described in Appendix B
Table 111,

The test chamber is remounted and the system purged with a
mild detergent and rinsed with distilled water.

111. RESULTS OF TEST

Table || shows that corrosion data from tests 2, 5, 6, 7, and 9
correlate with results received in simulated service tests and reported
in CCL Report Mo. 156. Table | shows that in all tests except 4, 6 and
9 there was either a mechanical or electronic malfunction of the unit.

Test no. &4 with 50% 0-A-548a antifreeze and 0-1-490 inhibitor had
a fairly uniform heat flux rate of about 26,000 BTU/ftZ hr and a corro-
sion rating of 20. This combination in a 2000 hour simulated service
test had a rating of 3i.

Tast no. 6 with 50% 0-A-548a antifreeze and 0-|-490a inhibitor
had a gradually increasing heat flux rate from 26,800 to 39,000
BTU,ft* hr. and a corrosion rating of 13. This combination in a 2,900
hour simulated service test had a rating of 17.




Test no. 9 with 50% 0-A~548a antifreeze had a fairly steady heat
flux rate of 27,600 BTU/ft2 hr. and a corrosion rating of 37. This
combination in a 2,000 hour simulated service test had a rating of 39.

Tests nos. 4, 6. and 9 show the effect nf haat rejecting specimen
surface conditions on the heat flux rate. Test ro. 4 showed that with
only slight staining the heat flux rate was fairly uniform. Test no. 6
showed that as the test progressed an irregular coating of iron phos-
phate was gradually built up and the heat fiux rate increased from
2€,000 to 39,000 BTU/ft2 hr. Test no. 9 showed that with a heavy smooth
coating build up during the test the heat flux rate increased only 2,000
BTU/ft< hr.

In seven of the nine tests the welds on the heat rejecting speci-
men leaked and had to be repaired. A test apparatus was made to check
the welds before they were instalied in the test chamber.

All thermocouples were replaced after test no. 3. At room temper-
ature all thermocouples had apparently been recording correctly but at
elevated temperatures there were discrepancies. This probably was the
reason for the high heat flux rates in tests 1, 2 and 3.

The flow control system was found to be erroneouc in tests 5, 7,
and 8. In test 3 water from the air line entered the pneumatic valve
also in the flow control system.

The flow recorder was repaired twice and the flow controller once
in the course of the nine tests.

IV.  CONCLUSIONS AND RECOMMENDATIONS

Preliminary data indicates that the Temperature-Flow-Corrosion
Unit has the capability of properly evaluating coolant.. During these
first runs many "bugs'! were located which invalidated the resuits in
several of the tests. Difficulties caused by vibration of the unit
would be alleviated by mounting all electronic instruments on a sepa-
rate panel. This would also eliminate heat convection from the heat
source into the instruments. The heat rejecting specim2n welds should
be more solid to eliminate leakage. Unreasonably high heat fiux rates
in tests !, 2, 3 and 7 could be explained by malfunction of the filow
rate control apparatus. The electronic components of this apparatus
have been repairad and recalibrated. All thermocouples needed repiace-
ment at some time during these first nine tests. This source of diffi-
culty can only be overcome by close observation and control of the
operation.

Research on matal surface conditions and coatings as a means of
increasing heat transfer could be conducted with this unit. Mechanisms ™.
of the formation of protective coatings which are formed by exposure to s
g
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the coolant and the conditions conducive to the formation of these
coatings could also be studied. The sample cell can be modified to
provide very accurate heat transfer coefficient data of specific
systems by the measuremeat of metal temperature drops with accurately
positioned thermocouples.

It is recommended that testing continue on antifreezes which have
known physical and chemical properties. Then a definite reliability
factor can be assigned to the unit and subsequent research data can be
properly evaluated.
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' TABLE 111
;; STRIP RAT!NGS
L Toss ceL
, mq/cm? Rating
i .00 -~ .10 1
: 1 - .20 2
.21 - .30 3
.31 - .40 Y
41 - .50 5
.51 - 1.00 6
1.01 - 3.00 7
3.01 - 7.00 8
7.01 - 14:00 9
14.01 - 50.90 10
50.10 + 1

e S o

All welight gains have a rating of 1.

Add 1 to rating of each strip that is not perfect.
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Nine 500 hour tests were conducted in this preliminary study using antifreaze
meeting Federal Specification 0-A-548a with and without added inhibitors. Results
correlating those received in simulated service and glasswere bench tests were
obtained in three instances. Mechanical fallure and improper functioning of
electronic instruments minimized the use of values received In the other six tests,

Results of this study indicate that the Temparature-Flow-Corrosion Unit has
the capability of piroperly evaluating coolants and will serve as a valuable
research tool in heat transfer studies.

DD At 1473 Unclassified

Security Classification - L




Unclassified

11 &ﬂmww“& . “

Security Ulassitication

- [ € e o VN

- — o~

14,

WEw wAnAe
Nat wwnwd

LINK A LINK 8 LIRK C

R ]

ROLE ROLE wTY ROLE wY

Temperature-Flow=-Corrosion Unit
Heat Traasfer

Antifreeze

Inhibitors

Heat flux

INSTIWCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contrector, subcontractor, grantee, Departmen. of L'e-

fense activity or other organization (corporate author) issuing
the . port.

2a. REPORT SECURITY CLASSIFICATION: Entet the over
all security classification of the réport. Indicate wnethe-
‘“‘Restricted Data’’ is included. Marking is to be in acco:d-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is spec‘fied in DOD Di-
rective 5200.30 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
q\ar:irgs have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be seiected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g.. interim, progress, summary, annual, or final,
Give the inclusive dates when a specific reporting peried 1s
covered,

S. AUTHOR(S): Enter the name(s) of authos(s) as shown on
or in the report. Enter 1ast name, first name, middle initial,
If military, show rank ard branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the rcport as Cay,
month, year; or month, year. If more than one date appears
01 the report, use date of publication.

7a. TOTAL NUMRER OF PAGES: The total page count
should follow no/mal pugination procedures, i.e., enter the
numbe-~ of pages containing information

7b. NUMBER OF REFERENCXS: Entes the total number of
references cited in the report.

8a. CONTRACT OR GRANT N’’MBER: 1 sppropriate, enter
the appliceble number of the contract or ¢ nt under which
the report was written.

8d, 8¢, & 8d. PROJECT NUMBER: En‘er the appropriate
military department idenification, such as project mimber,
subproject number, system numbers, task numher, etc.

9a. ORIGINATOP’'S REPORT NUMBER(S): <dater the offi-
cial repor: number by which the document will be identified
and controlled by the oiiginating activicv. This number aust
be unique ro this report.

95. OTHER REPORT NUMBER(S): if the repcrt has baen
acsigned cny other report aumbers (ertder by the originaior
or by thz sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

ymposed by security classification, using standard statements
such as:

(1

“*Qualified requesters may obtain copies of this
teport from DDC."’

2) “Foreign announcement and dissemination of this
report by DDC is not authorized.’’

U, S. Government agancies may obtain copies of
shis repcrt dire~tly from DDC., Other qualified DDC
users rhall request through .

3

"

‘4) *'U, S. military agencies may obtain copies of this
e~port directly from DDC. Other qualified users
shall request through

a1l discribution of this report is controlled. Qual-
ified DDC users shall request through

3)

114
.

If the report hac been furnished to the Office of Technical
Servicas, Department of Commerce, for sale to the public, indi-
catn this fact ar.d enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory note: .

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental proj=ct otfice or iaboratory sponsoring (pay-
ing for) the research and development. Include oddress.

13. ABSTRACT" Enter an abstract giving a brief and factual
sammary of the document indicative of the report, even though
it may a'so appear elsewhere in ‘he body of the tgchnical re-
port. If additional space i3 required, 2 continuation sheet
sholl be attached.

It is highly desirable that the sbstract of classifizd re-
Sorts be unclassified. Each paragraph of the abstract shell
end with an indication cf the military security clsssification
of the information in the paragraph, reprcsented as (TS), (S),
(C), or (U).

There i3 no limitation on the length of the abstract. How-
evar, the suggexted length s fron: 150 to 225 wcras.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and Q\ay be used as
ir fex entries for cataloging the report. Key words must be
s~lected so tha! no security classification is required. lde_n:
fiers, such as equipment model designation, trade name. -ili-
tary project code name, geographic focalion, may be uset‘! 13
key words but will be followed by an indication o_f tech_mcnl
context. Thc assignment of links, rules, and weights is
cptional.

Unclassified

Security Classification




